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METHOD FOR VITREOUS LIQUEFACTION 
Field of the Invention 

The present invention relates generally to a process for using a protease 
in an ophthalmic procedure. More particularly, the present invention relates to 
a process for using plasmin to liquefy the vitreous humor of an eye during a 
vitrectomy. 

Background of the Invention 

The vitreous humor, or vitreous, is a semi-solid material having a gel- 
like consistency that fills the vitreous cavity, which is approximately the space 
in the eye between the lens and the retina. Surgical removal of the vitreous, 
vitrectomy, is sometimes necessary in order to treat certain medical diseases 
and/or dysfunctions of the eye. Typically, a vitrectomy involves the removal 
of the vitreous humor using mechanical instrumentation to detach and aspirate 
the vitreous from the eye while simultaneously replacing the removed vitreous 
with a sterile material such as a saline solution to prevent collapse of the eye. 

One difficulty in performing a vitrectomy is that the vitreous 
consistency is often so viscous as to make the removal difficult, even with the 
use of mechanical suction or cutting. This is particularly true when using 
modem microsurgical vitreous instrumentation, such as that smaller than 20 
gauge. It may be desirable to use small gauge instrumentation whenever 
possible during ophthalmic surgery in order to avoid mechanical damage to 
ocular tissues. However, small gauge instrumentation is easily clogged by the 
vitreous gel, resulting in traction on the retina which leads to the possibility of 
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tearing or other retinal damage. This, of course, is highly undesirable since 
such damage may compromise the patient's visual outcome following 
vitrectomy. 

Thus, there exists a need for a process to liquefy and reduce the 
viscosity of the vitreous body so that a vitrectomy can be performed in a safer 
and more reproducible manner. 

Summary of the Invention 

A process is detailed that includes steps of administration of plasmin 
into the vitreous of an eye and the incubation of the plasmin in the vitreous 
such that the vitreous is hquefied. A plasmin composition is administered into 
the vitreous by injection, infusion or via a sustained release device. Preferably, 
the plasmin is autologous human plasmin that is optionally administered in 
conjunction with an enzyme, a glycoprotein, a polysaccharide, an antibiotic, a 
pharmaceutically acceptable diluent, a pharmaceutically acceptable adjuvant 
and a pharmaceutically acceptable carrier. An optional step in the process 
described is the administration of a plasmin inhibitor. A preferred dose of a 
plasmin composition includes 0.01-5 units of plasmin which is administered 
and incubated for a time ranging from 10 minutes to 2 hours. 

Brief Description of the Drawings 

Figure 1 is a cross sectional view of an eye undergoing liquefaction 
according to a process of the present invention. 
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Detailed Description of the Preferred Embodiments 

In a method of the present invention plasmin is used to assist in 
vitrectomy by liquefying the vitreous. CoUagenase,^ dispase,^ chondroitinase,^ 
hyaluronidase,^^ and plasmin^'"* have all demonstrated enzjmiatic activity 
towards components of the vitreous or vitreoretinal juncture. Plasmin is a 
nonspecific protease best known for its fibrinolytic properties but which is also 
associated with cleavage of laminin, fibronectin, and other components of the 
vitreoretinal jimcture**^. It has been demonstrated that intravitreal injection of 
plasmin facilitates the formation of a posterior vitreous separation in rabbits.^'"* , 
Additionally, plasmin facilitates the closure of traumatic pediatric macular 
holes^'^^ and aids in surgical management of diabetic retinopathy'^. Plasmin 
administration and resulting vitreous Uquefaction is used in management of 
various pathological conditions of the eye that are typically treated by at least 
partial removal of the vitreous humor including diabetic retinopathy, macular 
hole, macular pucker, intraocular infection, removal of foreign intraocular 
material and retinal detachment. 

With reference to the drawing, an eye (10) such as a human eye is 
shown in which the sclera (12) forms a generally spherical outer body for the 
eye (10). A retina (14) extends along the inside rear surface of the eye wall 
(12) while vitreous humor (16) fills the volume of the eye wall (12) posteriorly 
to the natural eye lens (18). 

In a vitrectomy, the vitreous (16) is removed and replaced by a sterile 
solution. In accordance with the present invention, plasmin (20) is introduced 
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into the vitreous (16) by any conventional means such as through a hypodermic 
needle (22) and allowed to incubate for a period of time, causing liquefaction. 
Following liquefaction of the vitreous (16), it is removed from the eye by 
conventional means. Furthermore, due to the liquefaction of the vitreous (16), 
it can be easily removed with reduced risk of tearing of the retina (14). In 
addition, removal of the vitreous from the eye can be achieved with 
microsurgical instrumentation (24), such as 25 gauge or smaller. 
Plasmin Dose 

The dosage of plasmin used is a factor in determining the cell and tissue 
effects of the enzyme. For example, relatively high concentrations of plasmin 
injected intraocularly result in posterior vitreous detachment^*"^ while lower 
concentrations have differential effects on matrix metalloprotease (MMP) 
enzyme activities. On the other hand, adding plasmin treatment to vitreous at 
37°C produces an increase in MMP-1 activity. Plasmin at the therapeutic 
concentrations detailed herein offers the potential therapeutic advantage of at 
least partially liquefying the vitreous humor and thus decreasing its viscosity. 
As used herein, a unit is defined in terms of activity per milliliter based upon 
the difference between initial and final optical absorbance multiplied by a 
constant for the cleavage of a synthetic substrate (D-val-leu-lys-pnitroanilide 
dihydrochloride) measured at a wavelength of 405 nanometers. Absorption 
studies for example are performed by adding 950 |il of lysine buffer and 250 \il 
of substrate to a cuvette and zeroing the initial absorbance. 50 |il of plasmin is 
then added and the absorbance one minute later is measured as the final 
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absorbance. The exact dosage of plasmin will vary from subject to subject and 
depends on multiple factors including the volume of the subject's vitreous 
body, the initial viscosity of the vitreous, the desired treatment time iand the 
condition to be treated. For example, in a pediatric patient where the volume 
of the eye is significantly smaller, a dose of 0.4 xmits may result in facilitating 
posterior vitreous detachment.^ Thus, in order to liquefy the vitreous in a 
patient with a smaller eye volume, the usual dose is decreased. In general, a 
plasmin dose of 0.01-5 units is administered to a subject to Uquefy the vitreous. 
More preferably, a dose of between 0.1-1.0 unit of plasmin is administered. 
Treatment Time 

A plasmin composition can be introduced into the eye prior to the 
vitrectomy depending on the initial viscosity of the vitreous, the age and 
general health of the subject among other factors. 

A suitable incubation time for a plasmin composition in the eye before 
vitrectomy is determined by one of skill in the art. For example, following 
administration of plasmin, a suitable incubation time is determined by periodic 
testing of vitreous viscosity following plasmin administration by mechanical 
manipulation of the vitreous in situ. Further, the extent to which vitreous 
liquefaction is taking place after introduction of plasmin is determined by 
observing the differential mixing of the fluids of differing viscosity known as 
schUeren lines which will be apparent to an ophthalmic surgeon as changes in 
the vitreous occur. Generally, a plasmin composition is introduced into the eye 
ten minutes to two hours before the bulk of the vitrectomy is performed. 
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Preferably, a plasmin composition is introduced into the eye about ten minutes 
to about an hour before the vitreous is removed. 
Plasmin Composition 

A plasmin composition of the present invention includes mammalian 
plasmin and preferably human plasmin. Most preferably, the included plasmin 
is autologous human plasmin. Autologous human plasmin is generated by any 
of several methods, for example, according to a method of U.S. Patent 
6,207,066, using a kit as detailed in U.S. Patent 6,183,692 or according to a 
method described in Example 1. 

A plasmin composition of the present invention will further contain a 
pharmaceutically acceptable carrier and, in addition, may include other 
medicinal agents, pharmaceutical agents, carriers, or diluents. An injectable 
plasmin composition can be prepared iri conventional forms, either liquid 
solutions or suspensions, solid forms suitable for solution or prior to injection, 
or as suspension in liquid prior to injection or as emulsions. Liquid 
pharmaceutically administrable compositions can, for example, be prepared by 
dissolving or dispersing plasmin with optimal pharmaceutical adjuvants in an 
excipient, such as water or saline, to thereby form a solution. If desired, a 
plasmin composition to be administered may also contain minor amounts of 
nontoxic auxiliary substances such as wetting or emulsifying agents, pH 
buffering agents, for example, sodium acetate or triethanolamine oleate. 
Actual methods of preparing such dosage forms are known, or will be apparent, 
to those skilled in this art; for example, see Remington's Pharmaceutical 
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Sciences . It is appreciated that plasmin delivery to the vitreous is optionally 
accompanied by another enzyme, glycoprotein, polysaccharide, antibiotic, 
pharmaceutically acceptable diluent, adjuvant and carrier. 
Administration of a Plasmin Composition 

Injection or infusion are preferred methods of dehvery for a single dose 
of a plasmin composition. Injection and infusion methods of administration 
into the eye are well known in the art. In some cases, it may be advantageous 
to remove a portion of aqueous humor to eliminate excessive intraocular 
pressure, before or contemporaneous with injection or infusion of a plasmin 
composition.* Prolonged or repeated dosages according to the present invention 
are delivered by injection, infusion or, altematively, delivered by a sustained 
release device such as that.shown in U.S. Patent 4,135,514. 

Optionally, a plasmin inhibitor is administered after the desired level of 
vitreous liquefaction is attained. Any of various inhibitors of plasmin activity 
are used such as, an anti-plasmin antibody or an endogenous inhibitor alpha2 
antiplasmin. Administration of an inhibitor is by injection, infusion or 
sustained release device as above. 

In order to more fully demonstrate the advantages arising from the 
present invention, the following examples are set forth. It is to be understood 
that the following is by way of example only and not intended as a limitation 
on the scope of the invention. 
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EXAMPLES 

Example 1. Preparation of Human Plasmin 

Autologous human plasmin is isolated by drawing patient blood before 
surgery and isolating plasminogen from the human plasma by affinity 
chromatography on a lysine-Sepharose colvmin (Sigma Chemical). After 
elution of the plasminogen from the column by 15 mM aminocaproic acid 
(Amicar, American Reagent Laboratories), the plasminogen is dialyzed for 
three hours, or ovemight, against 100 mM NaCl, 100 mM d-maimitol, 20 mM 
Na2HP04, pH 7.5 to remove the aminocaproic acid. The plasminogen is 
concentrated to a volume of 0.6 ml, 50,000 lU of streptokinase (Streptase, 
Astra) added and the mixture is incubated at 3TC for ten minutes. Plasmin 
activity is determined spectrophotometrically by measuring the cleavage of a 
synthetic substrate (D-val-leu-lys-p-nitroaniUde hydrochloride, Sigma 
Chemical) which gives an absorbance at 405 nm. Plasmin is stored at 4°C or 
-TO'^C until used. 
Example 2. In Vivo Use 

A patient is prepared for vitrectomy as is standard. Ten minutes prior 
to surgical incision, 0.8 lU autologous plasmin in a volume of 0.1 cc is injected 
into the mid vitreous using a 30 ga needle and tuberculin syringe. Optionally, 
prior to injection, a paracentesis is performed to prevent an increase in 
intraocular pressure. The eye is entered using an infiision/fiber optic light 
source and the state of vitreous liquefaction determined by assessing schlieren 
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line presence. Suction is used to remove vitreous through a narrow gauge 
instrument. 
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Patent applications and publications mentioned in the specification are 
indicative of the levels of those skilled in the art to which the . invention 
pertains. These applications and publications are incorporated herein by 
reference to the same extent as if each individual appUcation or publication was 
specifically and individually incorporated herein by reference. 

The foregoing description is illustrative of particular embodiments of 
the invention, but is not meant to be a limitation upon the practice thereof The 
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following claims, including all equivalents thereof, are intended to define the 
scope of the invention. 
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